The Brussels Capital Region has difficulties in meeting the stringent EU 
Introduction and Methods
The air quality in the Brussels urban region has been measured since 1968. The telemetric network consists of 11 measuring sites, covering a variety of distinct urban environments and measuring all pollutants imposed by the EU regulations (2008/50/CE). Nitrogen oxides are measured in all eleven measuring sites, particle mass concentration PM10 and PM2.5 are measured in 6 and 5 of these locations respectively, by the use of continuous TEOM 1400Ab analyzers (tapered element oscillating microbalance) equipped with FDMS 8500 modules (filter dynamics measurement system).
Other measurements concern ozone, carbon monoxide, sulfur dioxide, carbon dioxide, benzene with a selection of twelve volatile organic components (VOC), benzo a pyrene together with ten other polyaromatic hydrocarbons (PHA) and finally heavy metals such as lead, arsenic, nickel, cadmium and mercury vapor. Different measurements started between 1968 and 1990, and systems were improved during the upgrade of the network to its present configuration (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) .
Since 2008 the particle number concentration is measured along with the particle mass concentration in two traffic oriented sites. The number of particles is registered for 31 different size classes, with diameters ranging from 0.25 µm to 32 µm, by means of Grimm laser light scattering spectrometers, model 365. One of the two sites, Woluwe, is located along a highway leading the traffic coming from the East towards the centre of Brussels, its immediate surrounding having a relatively open structure. The second one, at Molenbeek, along the economic and commercial axis of the Region, is situated much closer to the Brussels urban centre. At these same sites monitoring Black Carbon was started, in July 2009 and July 2010 respectively, using an aethalometer, model AE22-ER from Magee Scientific. At the Molenbeek site, Black Smoke measurements according to the older OECD method [1] in the Brussels Capital Region are still available.
The air quality directive 2008/50/CE foresees two limit values for PM10 in ambient air. The 40 µg/m 3 limit value for the annual average concentration is respected in all six measuring sites. The Brussels Capital Region fails to meet the second limit value: 50 µg/m 3 as daily average PM10 concentration may not be exceeded on more than 35 days per year. Since the year 2005 this second limit value has been systematically violated in two of the six PM10 measuring sites and occasionally in some of the other sites. Postponing of the attainment of the deadline to the year 2011 was not granted by the EU commission. The proposed emission reduction measures were judged as insufficient to enable compliance, in due time, with the limit value. In its refusal the Commission mentioned especially the lack of low emission zones and measures such as road pricing.
Results and Discussion

Non Compliance with PM10 Daily Limit Value
A thorough analysis of the observed data shows that a drastic emission reduction (70% to 80%) will be needed if compliance is to be assured solely by local measures [2] . In fact road traffic represents about 75% of the total PM emissions registered by the Brussels emission inventory. However, a comparison of PM mass concentration levels inside and outside Brussels seems to indicate that, depending on site location and specific conditions, particles emitted directly by the local traffic represent only about 10% to 20% of the total measured PM10 mass concentration. Furthermore the dimensionless normalized average weekly concentration pattern (Figure 1) shows a decrease, during the weekend, of only about 10 to 15 % for the PM10 and PM2.5 concentration, compared to a concentration loss of 40 to 60% for NO and 20 to 30% for NO 2 , both traffic related pollutants. Background concentration for NO is generally very low and the presence of elevated levels of NO is practically entirely of local traffic origin. The background concentration for NO 2 is substantial and represents at least 50% of the concentration level measured near the urban centre. The PM10 background level represents about 65% of the inner city concentration. At this stage, even a permanent weekend emission regime would not permit to guarantee compliance with the PM10 daily limit value.
In the Brussels Capital Region at least 3 different phenomena may lead, separately or by combination, to elevated PM10 concentrations and to an increased risk of exceeding the 50 µg/m 3 daily limit value [2] . Adverse meteorological conditions, due to a combination of temperature inversion and low wind speed resulting in poor dispersion, are a common factor leading to high concentration levels. Under these conditions, mainly occurring during winter time, between late November and early the different measuring sites in Brussels.
A second phenomenon, very important and still underestimated is the formation of secondary aerosol, mainly during the period March-April and to a lesser extent during September-October. The spreading of manure on a large scale, in the surrounding regions, before and after the agricultural season, releases a massive source of ammonia. At conditions of moderate temperature and high relative humidity, together with the presence of NO 2 The third phenomenon, (re)suspension of the coarser fraction (particles between 2.5 and 10 µm) is linked with the advection of dry air, mainly coming from the large eastern sector. Under these conditions and in the presence of a local source, particles of the coarser fraction are suspended by the wind and/or by the turbulences created by the traffic [2] . Due to the presence of local sources, this phenomenon is more frequently encountered at the two measuring sites where the limit value is systematically exceeded.
Car Free Sunday 2009-Black Carbon, Particle Mass and Number Concentration
On Sunday the 20 th September 2009, for the eighth time, a car free Sunday was organized by the Brussels authorities. From 9:00 till 19:00 h local time (7:00 till 17:00 h UT), all private road traffic was banned over the entire Brussels Capital Region. Only public transport, emergency services, taxis and a limited number of exceptions were allowed and the speed limit was set at 30 km/hr. During the morning the wind was mainly coming from the south, just before noon suddenly it changed and started blowing from north-northwest till late in the evening, importing polluted air masses with secondary aerosol already formed over the western part of Belgium. Meteorological conditions could be considered as relatively unfavorable to pollution dispersion during the early morning, but rather favorable in the late morning and the afternoon. The boundary layer computed from ECMWF fields, increased from 60 m in the morning to 950 m in the afternoon.
In the middle of the car free period a sharp and sudden concentration increase of PM10 and PM2.5 mass concentrations was observed in all Brussels measuring sites, with maximum half hourly PM10 concentrations ranging between 100 and 120 µg/m 3 (>90% as PM2.5), leading to average PM10 concentrations exceeding the 50 µg/m 3 daily limit value. At the same time particle number concentrations increased for all size ranges between 0.25 and 2.5 µm, with a maximum of ±1.200.000 particles per liter of air for the total number of particles above 0.25 µm (Figure 2) , reaching one of the highest half hourly values (99.8 the percentile) of the whole year 2009. However, such an increase was not observed for the coarser fraction, particles above 2.5 µm, mainly from mineral origin, put into (re)suspension by the wind or by the turbulences created by road traffic.
The graph in Figure 3 represents, for the period from Friday the 18 th till Tuesday 22 September 2009, the dynamic evolution of the half hourly values for Black Carbon, the PM10 mass concentration and NO at the Woluwe site. The data for Black Carbon refer to the concentration scale on the left (0 -21 µg/m 3 ) and those for PM10 and NO to the scale on the right (0 -140 µg/m 3 ). The traffic ban hours during the car free Sunday are indicated by the short horizontal line in the middle. During the traffic ban hours the PM10 concentration peaks, while the Black Carbon level continues to decrease, quite opposed to PM10. Clearly, the evolution of Black Carbon does not always follow that for PM10 but rather that of the traffic related NO, as can be seen from the results on Saturday the 19 th and during the morning and evening rush hours of Monday 21 st September.
Correlation between Black Carbon, NO, NO X , PM Mass and Number Concentration
The observations made during the 2009 car free Sunday stand also for longer periods. This is well illustrated by the evolution of the half hourly data for February 2010. The graph in Figure 4 represents the data for Black Carbon and PM10 and the graph in Figure 5 those for BC and NO. Data for BC refer to the left scale (0 -14 µg/m 3 ) and those for PM10 and NO respectively to the scales on the right (0 -140 µg/m 3 ). On average and for most of the time, the BC and PM10 concentrations follow nearly the same pattern (Figure 4) , meaning that there is roughly a factor 10, corresponding to the scaling factor, between the concentration levels. However, although many peak values do coincide, there are several discrepancies during other peak periods: high peak values for PM10 and not for BC or vice versa. in the Brussels Capital Region A very clear example is illustrated by the situation between February 6 th -9 th , indicated in the graph between two vertical dashed lines. The presence of high peak values, both for PM10 and PM2.5, but without an associated Black Carbon peak, gives a strong indication for pollution by particles that are not from local origin. This may be the result of the formation of secondary aerosol and/or an importation of particles from a distant origin. When however no high PM2.5 values would be associated with a PM10 peak, then the (re)suspension of the coarser particles (2.5 -10 µm), would be a more likely explanation. in the Brussels Capital Region For this observed PM10 and PM2.5 peak, measures taken to reduce local Brussels traffic emissions will not enable to lower the PM10 concentration levels significantly and so the measures could be interpreted as symbolic or sensitizing, although they always do limit the presence of the more harmful carbon containing particles. However, measures to reduce local traffic emissions clearly would surpass the sensitizing stage if a Black Carbon peak should coincide with such a PM10 and PM2.5 peak.
Black Carbon and NO peak values do coincide more often, both showing a regular diurnal pattern (Figure 5) . This is also true for the days corresponding to the reported PM10 peak. A closer examination reveals that the baseline for NO, compared to the height of the peak values, is generally lower than the baseline for BC. At several occasions the NO levels fall down towards the detection limit and therefore the observed ratio between the average concentrations for BC and NO could significantly differ from the ratio between the scales (~10) used for presentation.
Correlation factors were computed between BC and pollution data for NO, NO 2 , NO X , CO, PM10 and PM2.5 mass concentration and the particle number concentration (PNC) for all particles above 0.25 µm, above 0.65 µm or comprised between 0.25 and 0.65 µm. For the Woluwe site the studied period concerns the whole calendar year 2010, for the Molenbeek site data are available for the six month during period "July-December 2010". Correlation factors were computed for the detailed half hourly data as well as for the average daily values. The computed results are represented in Tables 1 and 2 .
At the Woluwe site, seen over the whole year 2010, the correlation between the detailed Black Carbon data and the data for NO or NO X (Rcorr ~0.80 to 0.85) is much better than between the BC data and those for the PM10 mass concentration (Rcorr ~0.50). Poor correlation factors are obtained between BC and the particle number concentration, even for the smaller size ranges, particles between 0.25 and 0.65 µm (Rcorr ~0.40). The moderate correlation factor between BC and PM10 and PM2.5 (below) confirms the poor correlation between EC (elementary carbon) and PM10 or PM2.5 reported by Sillanpää et al. [7] in a study concerning 6 European cities. For the daily average data the correlation factors with NO and NO X remain high (Rcorr ~0.86 to 0.89), while for PM10 a slightly better correlation is obtained (Rcorr ~0.64) as compared to the half hourly data. It is uncertain to what part the lower correlation factor for the half hourly data could be explained by distinct properties of the analyzing devices. Detection systems having larger time constants show much smoother variations for the shorter integrating periods than fast responding systems, eventually resulting in a lower correlation for the half hourly values than for the daily averages.
The results obtained at the Molenbeek site confirm the findings from Woluwe. Regarding the six month period "July-December 2010", the correlation between the detailed Black Carbon data and the data for NO and NO X is also better (Rcorr ~0.80 to 0.85) than between BC and PM10 or PM2.5 (Rcorr ~0.52 to 0.60). Lower correlation factors are computed between BC and PNC, with Rcorr ~0.47 for the smaller size ranges. As in the case of the Woluwe site, the correlation factors with the NO and NO X daily data remain high and those for the PM10 or PM2.5 daily values (Rcorr ~0.66 to 0.72) are also higher than for the half hourly data.
The good correlation with NO and NO X at both traffic sites, especially for the half hourly data, seems to indicate that Black Carbon is strongly associated with local traffic emissions and that the link is tighter than for the PM10 or PM2. Table 3 . Estimated this way, the Black Carbon concentration represents about 8% to 9% of the PM10 mass concentration at the Woluwe site and about 12% to 13% at the Molenbeek site. Since BC is well correlated with traffic specific parameters NO and NO X and since it concerns mainly submicron carbon containing particles, one can state that the tailpipe emissions from road traffic do not represent more than 8% to 13% of the PM10 mass concentration at the considered traffic oriented sites of the Brussels Capital Region.
For the Molenbeek site, it is estimated in a similar way that the BC concentration represents about 15% to 16% of the PM2.5 mass concentration ( 
Conclusions
Results for Black Carbon, PM10 and PM2.5 mass concentration, NO and NO X and the particle number concentration were analyzed in detail for two traffic oriented There is a much better correlation between BC and NO or NO X data than between BC and PM10 or PM2.5 mass concentration. The correlation factor between BC and NO reaches about 0.80 for both half hourly and integrated daily data. Between BC and PM10 the correlation factor yields only about 0.50 to 0.60 for the half hourly data and about 0.65 to 0.71 for the daily data.
This concludes to a better correlation between the short term peak values of BC and NO than between the peak values of BC and PM10 or PM2.5. Since NO is still one the best indicators for the vicinity of road traffic, it can be stated that BC is more directly linked with the local traffic than the PM10 or PM2.5 mass concentration. Therefore Black Carbon rather than PM10 or PM2.5 should be considered in the assessment of the traffic related particles and in the evaluation of traffic emission reductions.
At the Woluwe site Black Carbon represents only about 8% of the total measured PM10 mass concentration. At the Molenbeek site, on average, BC represents about 12% of the PM10 and 16% of the PM2.5 mass concentration.
